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and 
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ABSTRACT 

In many recent papers concerned with providing an expla- 
nation for the geomagnetic anomaly, favorable agreement with 

measured data has been obtained from the equations of motion 

for electrons and ions when used with an empirical boundary 

condition, whereas poor agreement has resulted from attempts 

to numerically integrate the  diffusion equation derived from 

the equations of motion. 

the dev-iat-i-on of the commonly employed diffusion equation is 

We have been able to demonstrate that 
a u L L C L L .  

based on assumptions concerning the equations of motion which 

are inconsistent with the observed distribution unless an 

additional constraint equation is also applied. Unfortunately, 

equation also provides incorrect application of the constraint 

results. We find, therefore, 

forms of the diffusion equati ’ 

that none of the currently used 

n geomagnetic control into 
bA3.C- 

_-- 
account provide correct resul-ts because they are based on improper 

physical models for the ionosphere. 

Since the equations of motion dc provide a favorable des- 

cription for the geomagnetic anomaly, we have studied the pos- 

sible physical models leading to the form of the equations used, 

and found that although f i e l d  aligned diffusive equilibrium 
l 

provides the correct form, a more reasonable assumption 



concerning electron and ion.collisions with neutrals also leads 

to the same result. 

realistic theoretical description of the geomagnetic anomaly by 

employing an analytic form for the boundary condition which is 

more accurate with measurement than tkose previously used. 

We have a l so  been able to provide a more 

Finally, by combining the equatiom of motion f o r  neutrals, 

electrons and ions, we have been able to predict geomagnetic 

control f p r  the neutral atmosphere in the lower F region of the 

ionosphere, although the exact shape of this distribution'is 

unknown. 
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GEOAYAGh'ETIC CONTROL OF DIFFUSIOIV IN THE UPPER ATMOSPHERE 

Introduction 

In recent months it has become increasingly evident that 

o. certain amount of confusion exists in the understanding of 

the basic physical mechanisms governing diffusion and the 

existence o f  the geomagnetic anomaly i n  thta ionosphere. 

apparent confusion arises by comparison of the work of Chandra 

(19641, (to be referred to as C-I) in which it is shown that 

the assumption of ambipolsr diffusion along a field line can- 

not lead to geomagnetic control of the charged particles, and 

such papers as Goldberg and Schmerling (1962, 1963), (to be 

referred to as GS-'I: and GS-11) and Goldberg, Kendall, and 

Schmerling (1964), (to be referred to as GKS) in which this 

process doas appear to produce geomgnetic control of the 

3 L: 
This 

charged partid& density in the ionosphere. It is our contention - - 
., ;'I 

that these two apparently opposite view points do not contradiet 

each other and that the confusion is almost entirely one of term- 

inology usage and compr.ehension of the fundamental physics gov- 
erntng the derived equations. 

The purpose of this paper is to describe and resolve the 

confusion which exists in thefield at this moment, and then to 

point out the new problem with which we must contend in order 

to derive and apply the diffusion equation to ionospheric prob- 

\ 

\ 

lems correctly. 

improved theoretical.descriPtion of the geomagnetic anomaly, by 

using an analytic expression for the vertical electron density 

In addition, a section will be devoted to an 

distribution at the equator which is more in accordance with 

measurement than the siinple Chapman type distrubution employed 
in GKS. -2 
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Fundamental Equations and Definitions 

The major cause of confusion appears to lie in the appli- 

cation of two phrases, viz. ambipolar - diffusion and diffusive_ 
equilibrium. ---'I 

to determine how loose r-aage 02 them has led to the current 

problems of misunderstanding. 

Let us investigate and discuss each of these terms 

In the normal sense, ambipolar diffusion refers to a plasma 

in which the negative (electrons) and positive (ions) charges do 

not move independently due to the influence of the electric field 

caused by their Coulomb interactions. 

trons and ions drift in pairs and this motion of electron-ion 

pairs is referred to as ambipolar diffusion. 

In this medium, the elec- 

The condition for 

ambipolar diffusion in a neutral plasma is thereby 

-+ -+ -.. ve = vi v 

where ? is macroscopic velocity and the subscripts e and i refer 
to electrons and ions respectively. When I 

the condition for diffusive equilibrium is then satisfied. 

The implications of (1) are quite straightforward, as 

shown in (2-1. *In an isothermal atmos here and in the presence 

of magnetic field, this requires VX(vxB) = 0. 

the assumption of field aligned plasma diffusion (?xg = 0) can 

only be satisfied for a triv$al case, v = 0, resulting in hydro- 

static distribution of electron density independent of geomag- 

net ic latitude . 

, * . e l ,  ' P Y  
C ' +  4 

In particular, 

-.. 
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On the other hand, favorable comparison between Alouette 

topside sounder measurements and theo re t i ca l  calculat ions of 

the geomagnetic anomaly has been obtained i n  GKS by assuming 

conditions of ambipolar diffusion and d i f fus ive  equilibrium 

along f i e l d  l i n e s ,  thereby indicating a possible  c o n f l i c t  with 

the  r e s u l t s  i n  C - I .  The problem resolves  i t s e l f  once one inves t i -  

gates t h e  meaning of ambipolar diffusion and di f fus ive  e q u i l i -  

brium i n  t h e  GKS sense. 

L e t  us f i r s t  write the general equations of motion f o r  

neut ra l s ,  e lec t rons  and ions, respectively,  where t h e  subscr ipt  

n r e f e r s  t o  neutrals .  Following C-I: 

me+ mi 

nimime 

me -I- mi 

. I  

, .  . , .  .. 
. .  

(5) 

-"pi + n.m.g + en (2 + Si x Ti) 
1 1  i 

where n i s  number density, VkA is  the  co l l i s ion  frequency be- 

tween t h e  kth and Ath p a r t i c l e ,  m is  mass, y i s  pressure,  

g rav i ta t iona l  accelerat ion,  e is t h e  absolute value of e lec t ron  

is  

charge, i s  electric f i e l d ,  and i s  magnetic f i e l d ,  In  

- -2--r 



wri t ing  e p a t i o n s  (3)-(5) it is assumed t h a t  Vck vka. 
-3 - L 

! 
i 
\ 
i na ? 

i 
I In  the  following we assume t h a t  t h e  plasma is  i n  a q w s i -  
: neut ra l  state 

n ~ y n  - N  e i 
iJ,,)- 

andj,the electrons,  ions and neut ra l s  obey t h e  idea l  gas l a w  i n  

t h e  ionosphere, 

' 

1 
- n k T  

j j 
(7) 

when k is  Boltzmann's constant and T i s  temperature. 

more, we assume thermal equilibrium, i.e. 

Further- 

T T i =  T e ( 8 )  * 

. -  . *. -. e 

In addition, we assume f o r  simplicity that., . 
. . .  

Then summation of (4) and ( 5 )  provides . 

! 

where i s  current density, defined as 
I 



Since we are investigating ambipolar diffusion and diffusive 

i 
i 
I 

equilibrium in the GKS sense, it is desirable to write this 

equation in component form along a field line as 

' 1  

h 
when B is a unit vector in the direction of the magnetic field. 

Let us write (13) in more familiar form by using 

mi, nh << me 

and defining the scale height of the ionizable constituent as 

Hi where 

(15) 
kT 

P -  

Hi mig 

Also, for convenience, we make the approximation 

Then 

. A  

where .', and ie are unit vectors in the r and 8 directions and 

I is the magnetic dip angle, reckoned positive when the north 

seeking pole of the needle I points downward. Now, if we treat 

I 

i 
i 
I I 



6 ) .  

ambipolar diffusion i n  the  GKS sense, we simply imply t h a t  t h e  

electron and ion ve loc i ty  components i n  t h e  f i e l d  d i rec t ion  are 

equal, Le .  

-. 4 4  A 

ve . B =  vi . B -  v 
1 1  

t 
. i  

i Applying (18) and (19) i n  (17), we obtain 

where 

Assuming t h a t  

m v << mi Vin 
e en 

w e  may,write 
1 .  

/u p v  miVin 
7 

because of (14) . 
* Equation (20 )  is a familiar result 

. .  

. .  . .  ' . . . .  

. ' (22) 

derived i n  such papers as 

Kendall (1962) and GS-11. However, it is  c l e a r l y  not t h e  result 

of ambipolar diffusion,  which is given by (l), but instead, the 

result of a statement concerning t h e  f i e l d  l i n e  components of 

e lec t ron  and ion ve loc i t i e s  given by (19). 

If we now demand 

b - 0  Y 1 .+ 

, 
I 

. I  9 

I '  . 
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which is the statement implying diffusive equilibrium along a 

field line in the GKS sense, we obtain the familiar equation . 

which can also be written as 

= o  1 d N +  
R E  q 

provided we recognize that r and 0 are not 'independent in (25) 

but related by the dipole field condition 

sin2 0 = r o  .._ . 

It is evident that (26) can only be treated in this total deri- 

vative form if the integration is carried out along the field 

line. 
. $  Statements concerning the components of vectors in a par- 

, 
titular direction, >*such as (19), do not imply any conditions 

on the total vector. As a result, (25) has not required the 

assumption of any restrictions on the behavior of the velocity 

components normal to the field lines. . 

Equation (26) hcs been the basis of describing geomagnetic 

control in the upper Flregion in GKS paper. Although the results 

of this paper appear justified on the grouncbthat diffusive equi- 

librium occurs along a field line, it is nevertheless undesir- 

able to apply a concept which is of purely .hypothetical nature. 

We now investigate other assumptions to find a more realistic 
I 

justification for (25). 



*? 

Con'sider equation (17). If we apply (19) ,  we obtain 

A 
meVen -v i "i - Vin vi = -kT (--i VN g) 3 2 e11 ' 4  1 1  N 2Hi 

We f ind  two ways i n  which t h e  r i g h t  hand s ide w i l l  approach zero. 

The f i r s t  imposes a new c a d i t i o n  on t h e  v e l o c i t i e s ,  v i z :  

o r  

a r e s u l t  which, although possible, appears r a the r  unlikely s ince 

it would require  a very special  condition that the electron 

ve loc i ty  be of the order of lo3 t i m e s  g rea te r  and i n  the opposite 

d i r ec t ion  than the ion veloci ty .  

However. i f  w e  can demand that /' the co l l i s ion  frequencies 

between electron and neutral  and ion and neut ra l  be s u f f i c i e n t l y  

small so t h a t  t h e  drag forces a r i s i n g  due t o  c o l l i s i o n  be neglig- 

i b l e  as compared t o  the'pressure gradient,  g rav i ty  and Lorentz 

forces ,  it is  possible  t o  derive equation @6) without imposing 

any r e s t r i c t i o n  on the ve loc i t i e s  of e lectron and ion. 

lieve that t h i s  assumption is more real is t ic  i n  the upper F-region 

where the gyro-frequencies o f  e lectron and ion are much g rea t e r  - 

than t h e i r  corresponding co l l i s ion  frequencies. 

2. 

W e  be- 

Although t h e  co l l i s ion  frequency assumption is  physical ly  
t 

more des i rab le ,  it prevents us from obtaining a simple expres- 

s ion  f o r  sll or  vi%&. Instead, w e  must return t o  t h e  o r ig ina l  

Ib I 



1 -  . 
I I  . , 

s I 

m 

-> equations of motion; ( 4 )  and (5); and solve for %e and 

-.. c i t l y ,  as has been carr ied out i n  the  appendix i n  C-Z, 

expl i -  
3 

Unfor- 

tunately t h i s  introduces a very serious complication i n  t h e  work 

because of t he  d i f f i c u l t y  of el iminating e l e c t r i c  f i e l d  from t h e  

expressions of '?e and Gi without making spec i f ic  assumptions 

about t he  re la t ionship  between Ge and 3,. The implications of 

---c these assumptions w i l l  be discussed i n  the la t te r  p a r t  of the*c*-ki4 

In  t h e  following section w e  proceed t o  discuss t h e  physi- 
. 

paper. 

ca l  implications of equation (26). 

The Electron Density Distribution with t h e  Effect  of a Variable 

Scale Height 

Equation ( 2 6 )  can be integrated along,a  f i e l d  t o  provide 

t h e  general solut ion 

N ( r ,  0 )  = f(ro, n/2> e 

However, i f  w e  treat T and mi constaqt but. recognize t h a t  g is 
I' proportional t o  l/r2, H. i s  propor t iona l ' to  r2, and w e  obtain 

1 

-..... 
In  both cases, f(ro, ~ 1 / ~ )  is an agbi t ra ry  function of height  

a t  t h e  equator which cannot be determined by the equations of 

motion from which (31) o r  (32) are derived. 

f ( ro ,n/2)  must therefore be given as a boundary condition i n  

t h i s  problem and can only be determined empkrically or  by use 

of addi t ional  equations governing the  physics of t h e  problem. 

The function 

t 

Since (31) o r  (32) depend exclusively upon t h e  equations 

of motion, it appears thatgan addi t ional  equation such as t h e  

t \( 



- .  
' 1  I 

continuity equation, should lead to,the desired boundary con- 

vation and solution of the continuity equation depend upon a 
4 

knowledge of E. 
quite formidable and it is difficult to anticipate a simple 

method of solution at t h i s  time, 

Thus, t h e  complexity of the problem becomes 

Instead we depend upon an empirical type boundary condi- .. 
tion, which may'very well be the solution of the correct conti- 

., .'. 
equation, to derive the explicit form of the electron density 

distribution. 
G7 

The incorporation of a Chapman like boundary condition 

in (31) leads to the results obtained in GKS. Since such a 

boundary condition can only be considered as a rough approxi- 

mation to the shape of the actual vertical electron density 

distribution at the equator, it is desirable to employ an ana- 

lytic boundary condition which more closely resembles the true. 

height profiles. Chandra (1962) has proposed a modified form 

of the Chapman function which includes the effect of variable 

scale height and which is found to fit the measured vertical 

2 distribution for electron density at mid-1at.itudes far more 

accurately than the simple Chapman form. 

such a function also describes the electron density distribution 

at the equator. 

We assume here that 

Thus we may write 

1 

I' 

i '  

i -  

! 

I 
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6 L  

where Ho is the scale height of,,ionic constituent and N 

the value of electron dezsicy at<'iparorial height rmo. 

parameter a,which is a measure of departure from simple Chapman 

function is defined as 

is r,0 
4 ,  

The 

I 

where H(rmo) is that value of H(ro) at ro * rmo* 
understood to be the radial height specifically at 6 

Also, rc) is 

n / 2 =  

If (32) is substituted into (31), we obtain 
- A  

2 
11- -=1 

N.: r cos 0 . 

Equation (35) then provides a general expression for the electron 

density at all heights and co-latituaes provided 

in a region where the effect of collision can be neglected. 
- :x 

that we are 

- -2 The variation of/Nr with co-latitude are shown in 

. _- .*' l , ,&q- ,&.<&& GwY-dLi-w i'J--lb 0 -G 
i<,+-- '),.'L',LL3~ ( L(. .L:u- < a t  - ', '- : ' - L L  1, 

\\?Kl*) 

1 )  figures 1 - 3 for different values of a, hd and H o. Fbz-Ehe 

purposf-numerical com.pwtatLon .the radius of,\earth is taken 

to be 6370 km,and it is assumed that H, * Hi. 

the basic features of geomagnetic anomaly are unaltered by 

changing the various parameters. 4 Further, in equation (35), if 

L Lk.& 4- 

* p I w  , It is seen that 

I 



I 

t 1 -  
i '  
l w  

L;::J "- . & \r 

in;,GKS paper, it is seen that since: ... a is positive J kHi>lr,for all 

height$ 
I _.,..._ ; . , , :  : 

This explains . .  why 1(~>1 gives better fit with the experi- 
0 ' - -4 !, . -. ., 4.- L ).i .r 

~ l \ a  J L -  

mental data in the-ht-ter paper. 

Problems Involved in the Derivation of the lliffusion Equation 

I:? the previous sections we have8seen how the equations 
of motion f o r  electrons and ions are sufficient to obtain a theo- 

retical description of ;-he electron density distribution in the 

topside equatorial region of the ionosphere under equinox con- 

ditions. 

cerning collision frequencies or velocity components along field 

lines and also forced the spplication of an empirical boundary 

condition at the equator. 

This has required us to make certain assumptions con- 

In order to produce the empirical 

boundary condition theoretically and also obtain a solution which 

is valid in bath the topside and bottomside equatorial F region, 

it is necessary to turn to the continuity equation for additional 

information. Using the explicit expressions for velocity which 

are derivable from the equations of motion, it is then possible 

to derive the diffusion equations associated with the ionosphere. 

. If we simply require total ambipolar diffusion to occur in 

+ the ionosphere so that f; is independent of the electric field 

explicitly, and furthermore demand that in all regions concerned, 

the motion along field lines are much larger than the drifts 

normal to field lines, we must then invoke the additional con- 

straint. equation 
I 

? x i . =  0 . (36) 

_- 

I 



This leads to a hydrostatic distribution of electron d e n s i t y  

which doesn't agree with measured results, as has been demon- 

strated in C-I. A second approach (Kendall, 1962, and GS TI) 

is the assumption that ambipolar diffusion exist only along f i e l d  

lines (see equation (19)). Thus, if we assume that the paral le l  

velocity components of electron ot ion velocity are equal and 

much greater 'than either of the unequal normal velocity components, 

we can write (20) as a good approximation for the entire velocity. 

In mathematical notation, we have 

where v and v. are the perpendicular components of electron el 111 
19p 

and ion macroscopic &-&€t velociw respectively. This implies 

that - 

and provides us with a velocity expression independent of elec- 
tric. field. The general contention here has been that although 

(37) implies (38).so that we can write 

as the steady state continuity equation, where Q and L are pro- 

duction and loss  respectively, we no longer need invoke the 

equation of constraint since (36) is not exactly true. 

then substitute (~20) into (39) and obtain the well known form 

of the two dimensional diffdsion equation with no additional .. 

equation of constraint. I 

We can 

We wish to discuss this approach by first .questioning the 
/ 

I !K ) 
I I 

I 



validity of (37) ,  and then demonstrating that even if it were 

true, a8) cannot imply (39) without the additional inclusion 

of ( 3 6 ) .  

diffusion approach with neglect of the normal velocity components 

is completely identical to the total ambipolar case in which 

the major component of .drift velocities are assumed to lie along 

field lines. Thus, the results of the two approaches will be 

identical, leading to the conclusion that ambipolar diffusion 

in which the major conponent of drift velocity lies along a field 

line cannot be the correct physical model to describe the equa- 

torial electron density distribution in the F region of the 

-i 

This should demonstrate that the field line ambipolar 

.. 

' ionosphere. 

Let us first consider (37). We have already seen that 

the assumption of diffusive equilibrium along a field line 

(vL1 = 0 )  leads to a correct description of the electron density 

in at least the topside region of the ionosphere. If this is. 

the true model of the physical situation, then it is inconsis- 

tent with (37) and we cannot expect any results obtained using 

(37) to provide us with correct results concerning this region. 

If, on the other hand, the neglect of momentum transfer terms 

instead of diffusive equilibrium3 can be attributed to small 

collision frequencies, (37) need not be violated. This might 

be a further justification for validating the collision frequency 

assumption instead of the diffusive equilibrium model. 

tunately, as'we approach th,e equator, we see from (20) that vll 

approaches zero since both sin I h d  aN/ae approach zero. The 

latter condition is based strictly on the empirical condition 

I 

Unfor- 

f 



of symmetry about the equator. W e  therefore f ind  t h a t  no matter 

how s m a l l  ve and v 

the  equator i n  which (37) does not apply unless 

may be, there w i l l  a l w a y s  be a region about 
I iL 

which is  ident ica l  t o  the  equation o f  constraint, (36). 

W e  now return t o  the  second question. That is, even i f  (37) were 

t rue,  which could s t i l l  be possible provided ve # v 
l l  i\ 

, canwe 

describe the  electron density dis t r ibut ions i n  the  en t i r e  region of t he  

ionosphere by (3911 We note tha t  

-# . N v  
- 
v V N - t  

4 

N V ' .  v 

since 

Now, in order t o  write (39), we must demand t h a t  

. 

We first note t h a t  the  geoqagnetic anomaly is symmetric about t he  equator 

during equinox. This implies that I 

.k. 

1 

. 



-b rr 
v B . v N  = 0 

I \  lim VI; VN = lim 
e - n/2 e -. 4 2  

so t h a t  i n  some region about the equator, (43) becomes 

Although (45) could be t rue  .for cer ta in  special  cases, there  i s  no 

a p r i o r i  guarantee t h a t  (45) w i l l  be implied by (37) i n  general without 

the  addi t ional  condition t h a t  vs = 

a direct and general implication of (37), we are once again forced t o  

emplay the  constraint  equation v x B = 0. 

0 .  Thus, i f  we are t o  write (39) as 

+ A 

W e  cannot state t h a t  (40) holds in a very small region about t he  

equator so t h a t  its e f f ec t  outside t h i s  region can be neglected. The 

geomagnetic anomaly i t s e l f  is a second order e f f e c t  and we cannot 

expect t o  reproduce it by neglecting second order terms which a re  res- 

ponsible for its existence. 

W e  therefore f ind t h a t  i f  ambipolar diffusion ex i s t s  i n  the  

ionosphere, snd if,,it is re s t r i c t ed  t o  the  f i e l d  l i n e  direction, w e  

cannot assume (37) without imposiw an additional. constraint  equation. 

Furthermore, (37) does not generally irnply (39) i n  the  ionosphere with 

or without anbipolar diffusion unless the  constraint  equation is  also 

diffusion along a field l i n e  do not provide 
I 

*. 

(44) 

t '  

1 

--. 

! I  

... . . . . . . .- . . 

I .  

, . .  



a b 
' 0. 

t 6  the correct description of equatorial electron density, l?, 

we must conclude that these assumptions are not valid in a theory 

leading to a dscription of the electron density distribution 
*J i .. 

_c . -*' 

I 

in the ionosphere. b 

Kendall (1962); and Rishbeth, Lyon and Peart (1963), have 

attempted to numerically integrate (30) derived from (20) and 

(37), without invoking (26). They have been unable to obtain I 
I the correct description of the geomagnetic anomaly and have 

therefore concluded that diffusion may not be a very important I 
! 

1 
physical process governing the empirical distribution of elec- 

1 
I 

tron density. 'However, on the basis of the discussion presented 

in this section, it now appears that the physical assumptions 

used in deriving the form of (39) used in their work may not 

be valid, which simply implies that the'diffusion equation is f 
far more complicated than originally believed. Since (19) and 

t 
I 
f 
1 

i 
f 
t 
i 

s i  

I 
i 
E 

(37) are no longer valid, we can no longer equate 0. electron and. 
\ - 
-d ion velocities to eliminate electric field. Instdd, we must 

write separate continuity equations fo r  electrons and ions and 

describe the behavior of electric field before it is possible 

to obtain the correct theoretical description of the geomag- 

netic anomaly from the diffusion equation. 

It may appear that the results presented in GS I1 are 
also not valid for the reasons discussed'above. However, a - 1  I B i closer inspection of GS I1 shows'that no new information was 

obtained from the solution of b .  continuity equation than that 1 
already available from the equations of mocion. The equation 

-._ , 

> 



discussed in GS I1 was siaply 
2- b 

I 

Where the explicit production and l o s s  terms were neglected in 

obtaining the series solution. Furthermore, as shown in GICS, 

the equation of motion leading to (26), whether derived assuming 
-.. 
Vl o or making assumptions concerning collision terms>has the . .  

* 3 6  
Vll =C){39) J obviously cannot give any new information.) This 

explains why the empirical boundry condition was necessary to 

obtain a non-arbitrary solution using (39) .in GS 11. 
*: 0 

3 '? 
-1.- - -  We should point out however, that $9 solutions of (96) 4 0  /vi:./ I? 

making use of explicit production and l o s s  terms would not give 

correct results a6;l?&.k' in the equatorial region for the reasons 

' discussed in this section. 

The Distribution of the Neutral Atmosphere 

In this section we will show that when the.drag forces 

are not negligible, as would be the case in the lower'F-region 

and' E-region, it' is possible to study the behavior of the neutral 

atmosphere without imposing any restriction on the velocities 

of the various constituents. To obtain the necessary starting 

! 

where we have once again uSed (14). & 

the direction of magnetic field is then 

The component of (47) along 



,i 

Comparison of (47) and ( 4 8 )  shows that the net force due to 

pressure gradient and gravity of all partic1e.s is perpendicular 

to the magnetic field and balanced by a current flow force. 

using (71, (81, (91, (18)>and (28), we have 

Next, 

a+(nn + ZN) tan 8 *(n, -I- ZN) n, N 
.- i- + - + -  - 0  ( 4 9 )  

ar r 8 0  Hn Hi ,/ 

where % is the scale height of the neutral atmosphere. 
Since N << nn and Hi- %, we can write 

wherensuffix on n has been dropped for simplicity. 

becomes, in total derivative form, 

d(n + 2N) + n +  2N= 

dr Kn 

(50) 

Then, ( 4 9 )  

Integration of (51) can be obtained along the field line giving 

where g(ro, n/2) is an arbitrary function of height at the equa- 

tor and ro is defined in (27). If we-now dmand that the radial ' 

distribution of the neutrals obey the normal hydrostatic law at 

the equator, so that 1 

(53) 
dr -p - Hn 

g(r0, n/2> - "00 e roo 



_ _  . . 

8 .  

! 
I 

0 .  

where noo is  the  neutral  number densi ty  a t  height roo on t h e  

equator, then 
r 1 

-I- dr 
n ( r )  = noo e J r o ~  H, , ( 5 4 )  

a r e s u l t  which is  e n t i r e l y  independent of 0 .  I f ,  on the  other 

hand, g ( r o ,  n/2) is  perturbed i n  any manner - from the  exact hydro- 

s t a t i c  equilibrium case, w e  w i l l  obtain a d i s t r i b u t i o n  for n 

which does depend on 0 .  

on the neu t r a l s  may s e e m  somewhat surpr is ing u n t i l  we r e a l i z e  

t h a t  i n  select ing a functional form f o r  g(ro,  n / 2 ) ,  any devia- 

t i o n  i n  the  equator ia l  neutral  d i s t r ibu t ion  from hydrostat ic  

equilibrium must arise due t o  co l l i s ions  between neu t r a l s  and 

geomagnetically controlled charged pa r t i c l e s .  

c o l l i s i o n s  between neut ra l s  and charged p a r t i c l e s  are s u f f i c i e n t l y  

l a r g e  t o  make the momentum t ransfer  forces  between charged and 

neut ra l  p a r t i c l e s  important, the neu t r a l s  w i l l  begin t o  tend 

toward t h e  angular d i s t r ibu t ion  of t he  geomagnetically control led 

p a r t i c l e s .  

t h a t  we w i l l  not obtain the  exact hydrostat ic  d i s t r ibu t ion  i n  

a region when the terms on the left  hand s ide  become important. 

On t h i s  bas i s ,  we might expect t o  observe angular va r i a t ions  

of the neut ra l  d i s t r ibu t ion  i n  the  bottomside regions of t h e  

ionosphere where charged-neutral p a r t i c l e  in te rac t ions  become 

important . 

. *  

The or ig in  of t h i s  angular dependence 

. 

Thus, i f  the  

. 

This can, also be seen from (3), where it is  obvious 

/ 

Conclusions * 

From t h e  discussion and -A_- results of th i s"paper ,  we have 

, shown~ t h e  following: 

I 2 t  



I i 0 .  

4 '  
I *  

1. From the equations of motion, it is possible to 
I 
I 

F a .  derive an expressio;? cor, electron-density distribution along 
a field line either by assuming diffusive ecnuilibrium along the 1 ! 

I I 

1 
! 
1 
1. 

i I direction of the magnetic field or by neglecting the drag forces 

arising due to collision. 

more realistic in the topside of the ionosphere. I 
I ! it is necessary to assume a distribution at a certain point in 
i 

i 
I 

The latter assumption appears to be 

L ' 

j 
it 
i i !. 

In either case, 1 

i : 
the radial direction in order to obtain a complete description 

! 
1 
! of the electron density distribution. 

2. We have provided a more accurate formula fo= the repre- 

. sentation of the equinox geomagnetic anomaly than that produced r e  

i 

i in GKS. Since the' empirical boundary condition equationj,has , L.Lp:v . - ,Ly.\', 
I 

been shown by Chandra (1962) to fit nearly all vertical profiles 

of electron density measured to date, we can safely assume that 

the proper selection of parameters in this formula will lead I 
I 

I 

I 

i 

t ,  
$. to a reasonable reproduction of the anomaly in any region of . 

the ionosphere where either simultaneous diffusive equilibrium 

of ions and'electrons occurs, or where interactions of neutrals 
I !  
i 
I .  with charged particles are small because of infrequent collisions. 

3. The derivation of the diffusion equation commonly 

employed to obtain a theoretical description of the electron 

density distribution in the F region ionosphere depends upon 
* H 4 the assumptions = v* >> v el or viL. Attempts to numerically 

1 1 1  

integrate the diffusion equation derived in this manner have not 

described the geomagnetic a n q m l y  with the correct behavior. 

We have now been able to show that-the assumptions made in the 

deviation are.inconsistent with experimental data unless the 

", 4 



. .  
I 

; I  
. I  

i -  
A : i  'additional equation 'of, constraint 3 x €3 = 0 is also employed. 1 :  

I Since the numerical integration results are based on an ! 

incomplete derivation of the diffusion equation, it is under- 
6 
L 
I 
I 

! standable why such results are in poor agreement with measurement. 
i 

Furthermore, we find that the inclusion of the constraint . ._- equa- 
tion leads to a horizontally stratified electronndis AL'''c\*sc ribution 

which a l s o F  incapable of describing the geomagnetic anomaly. 

We must therefoz concluG::: thaz ttle diffusion equation derived 

in the above manner is Lased on assumptions.which do not fit 

the true physical description of the ionosphere andhlead to the 

neglect of the very physical parameteqresponsible for the geo- 

magnetic anomaly. 

dhA*. 

4. A study of tht: neutral atmosphere distribution has 

led us to the conclusion that geomagnetic control of neutrals 

occursin any region of the ionosphere where interactions of 5 
i 
f 

neutrals with charged particles become important. 

is most likely to occur in the lower F region of the ionosphere, 
we suggest that such geomagnetic control of the neutrals might 

Since this 

. 
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